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(54) DATA RECORDING MEDIUM, DATA RECORDING METHOD AND DEVICE, AND ENCODE 
METHOD AND DEVICE 


(57) A recording method for converting m-bit data 
into n-bit (where n > m) data whose run length is restrict- 
ed and recording the converted data on a recording me- 
dium, the recording method comprising the step of se- 
lecting first n-bit data according to an immediately pre- 
ceded n-bit data, first n-bit data immediately followed 
thereby, and second n-bit data immediately followed 
thereby so that the cumulative value of DC components 
per unit time becomes small. 
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Description 

Technical Field 

[0001] The present invention relates to a data record- 
ing medium, a data recording method, a data recording 
apparatus, an encoding method, and an encoding ap- 
paratus that are applicable to for example an optical 
disc. 

Background Art 

[0002] Since optical discs such as a CD (Compact 
Disc) and a CD-ROM (Compact Disc Read Only Mem- 
ory) are easy to handle and are produced at relatively 
low cost, they have been widely used as recording me- 
diums for storing data. In recent years, a CD-R (Com- 
pact Disc Recordable) disc, on which data can be re- 
corded once, and a CD-RW (Compact Disc Rewritable) 
disc, on which data can be rewritten, have come out. 
Thus, data can be easily recorded on such recordable 
optical discs. As a result, optical discs that accord with 
the CD standard such as a CD-DA (Compact Disc Dig- 
ital Audio) disc, a CD-ROM disc, a CD-R disc, and a 
CD-RW disc have become the mainstream of data re- 
cording mediums. In addition, in recent years, audio da- 
ta is compressed according to the MP3 (MPEG1 Audio 
Layer-3) and the ATRAC (Adaptive TRansform Acoustic 
Coding) 3 and recorded on the CD-R disc, the CD-RW 
disc, and so forth. 

[0003] However, as a CD-R disc and a CD-RW disc 
have come out, data'recoded on a CD disc can be easily 
copied to these discs. As a result, a problem about cop- 
yright protection has arisen. Thus, when content data is 
recorded to a CD disc, it is necessary to take measures 
to protect content data. 

[0004] As a conventional copy protection technology 
for protecting a copy of data from a CD-ROM disc to a 
CD-R disc or a CD-RW disc, a method for physically de- 
forming a disc with for example wobble pits has been 
proposed. In the physically deforming method, however, 
if an original disc is a CD-R disc or a CD-RW disc, the . 
copy protection cannot be performed. 
[0005] In addition, to protect a copying operation, a 
method for encrypting content data has been proposed. 
However, even if content data has been encrypted, a 
disc on which the same data as an original disc is re- 
corded can be produced. 

[0006] To protect content data recorded on a CD disc 
that accords with the CD standard, there is a method for 
determining whether the disc is an original CD or a CD 
whose data has been copied from an original CD (this 
CD is referred to as copied CD). When the disc is an 
original CD, a copying operation thereof can be permit- 
ted. When the disc is a disc whose data has been copied 
from an original disc (this disc is referred to as copied 
disc), a further copying operation thereof can be prohib- 
ited. 
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[0007] To determine whether the disc is an original 
disc or a copied disc, a method for placing a defect on 
a disc in a master disc production stage, detecting the 
defect from the disc during a reproduction, and deter- 

5 mining that the disc is an original disc based on the de- 
tected defect has been proposed. In this method, how- 
ever, an original disc may contain such a defect. In ad- 
dition, depending on the type of a defect, it may be cop- 
ied as it is. Thus, content data of an original disc cannot 

10 be prevented from being copied to a CD-R disc. 

[0008] Therefore, an object of the present invention is 
to provide a data recording medium, a data recording 
method, and a data recording apparatus that contribute 
to copy protection without need to physically deform a 

is medium and intentionally place a defect thereon. 

Disclosure of the Invention 

[0009] Claim 1 of the present invention is a recording 
20 method for converting m-bit data into an n-bit (where n 

> m) data symbol whose run length is restricted and 
placing a connection bit after the m-bit data symbol so 
that the cumulative value of DC components per unit 
time becomes small, the recording method comprising 

25 the steps of selecting a first connection bit to be added 
to an immediately preceded data symbol from a plurality 
of connection bits according to at least one first connec- 
tion bit that can be added between the immediately pre- 
ceded data symbol and a first data symbol immediately 

30 followed thereby and according to at least one second 
connection bit that can be added between the first data 
symbol and at least one second data symbol immedi- 
ately followed thereby; adding the selected first connec- 
tion bit to the immediately preceded data symbol so as 

35 to generate record data; and recording the generated 
record data on a recording medium. 
[0010] Claim 4 of the present invention is a recording 
method for converting m-bit data into an n-bit (where n 

> m) data symbol whose run length is restricted and add- 
40 ing a connection bit after the m-bit data symbol so that 

the cumulative value of DC components per unit time 
becomes small, the recording method comprising the 
steps of when an immediately preceded data symbol is 
a special data symbol, selecting a first connection bit to 

45 be added to the immediately preceded data symbol from 
a plurality of connection bits according to at least one 
first connection bit that can be added between the im- 
mediately preceded data symbol and a first data symbol 
immediately followed thereby and according to at least 

so one second connection bit that can be added between 
the first data symbol and at least one second data sym- 
bol immediately followed thereby; adding the selected 
first connection bit to the immediately preceded data 
symbol so as to generate record data; and recording the 

55 generated record data on a recording medium. 

[001 1] Claim 9 of the present invention is a recording 
method for converting m-bit data into n-bit (where n > 
m) data whose run length is restricted and recording the 
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converted data on a recording medium, the recording 
method comprising the step of selecting first n-bit data 
according to an immediately preceded n-bit data, first n- 
bit data immediately followed thereby, and second n-bit 
data immediately followed thereby so that the cumula- 5 
tive value of DC components per unit time becomes 
small. 

[001 2] Claim 1 9 of the present invention is a recording 
apparatus, comprising an encoding process portion for 
performing an encoding process for input data; a con- 10 
verting portion for converting m-bit data that is output 
from the encoding processing portion into n-bit (where 
n > m) data whose run length is restricted by selecting 
first n-bit data according to an immediately preceded n- 
bit data, first n-bit data immediately followed thereby, 15 
and second n-bit data immediately followed thereby so 
that the cumulative value of DC components per unit 
time becomes small; and a recording portion for record- 
ing data that is output from the converting portion on a 
recording medium. 20 
[001 3] Claim 29 of the present invention is a recording 
medium on which when m-bit data is converted into n- 
bit (where n > m) data whose run length is restricted, 
first n-bit data is selected according to an immediately 
preceded n-bit data, first n-bit data immediately followed 25 
thereby, and second n-bit data immediately followed 
thereby so that the cumulative value of DC components 
per unit time becomes small and the selected first n-bit 
data is recorded after the immediately preceded n-bit 
data. 30 
[001 4] Claim 39 of the present invention is a data con- 
verting method, comprising the step of when m-bit data 
is converted into n-bit (where n > m) data whose run 
length is restricted, selecting first n-bit data according 
to an immediately preceded n-bit data, first n-bit data 35 
immediately followed thereby, and second n-bit data im- 
mediately followed thereby so that the cumulative value 
of DC components per unit time becomes small. 

Brief Description of Drawings 40 

[0015] 

Fig. 1 is a block diagram showing an example of the 
structure of a mastering apparatus according to an 45 
embodiment of the present invention. 
Fig. 2A and Fig. 2B are schematic diagrams show- 
ing an example of a special pattern recorded on a 
disc. 

Fig. 3 is a schematic diagram describing the format 50 
of an EFM frame of a CD. 
Fig. 4 is a schematic diagram describing a sub code 
block of a CD. 

Fig. 5 is a schematic diagram describing Q channel 
of a sub code. 55 
Fig. 6A and Fig. 6B are schematic diagrams de- 
scribing data of a sub code. 
Fig. 7 is a schematic diagram showing an EFM con- 


version table. 

Fig. 8 is a schematic diagram showing an EFM con- 
version table. 

Fig. 9 is a schematic diagram showing an EFM con- 
version table. 

Fig. 10 is a schematic diagram showing an EFM 
conversion table. 

Fig. 11 is a schematic diagram showing an EFM 
conversion table. 

Fig. 12 is a schematic diagram showing an EFM 
conversion table. 

Fig. 13A to Fig. 13D are schematic diagrams de- 
scribing a method for selecting merging bits. 
Fig. 14A, Fig. 14B, and Fig. 14C are schematic di- 
agrams showing an example of a special pattern of 
which DSV does not converge. 
Fig. 15A, Fig. 15B, and Fig. 15C are schematic di- 
agrams showing another example of a special pat- 
tern of which DSV does not converge. 
Fig. 16A, Fig. 16B, and Fig. 16C are schematic di- 
agrams showing a further example of a special pat- 
tern of which DSV does not converge. 
Fig. 1 7A to Fig. 1 7E are schematic diagrams show- 
ing an example of a special pattern of which DSV 
does not converge in the EFM modulation when 
DSV is controlled according to only the relation of 
an immediately preceded code symbol and a code 
symbol immediately followed thereby. 
Fig. 1 8 is a schematic diagram describing an exam- 
ple of a special pattern of which DSV does not con- 
verge in the EFM modulation when DSV is control- 
led according to only the relation of an immediately 
preceded code symbol and a code symbol immedi- 
ately followed thereby. 

Fig. 19 is a flow chart describing a merging bit se- 
lecting process performed by a modulator accord- 
ing to the present invention. 
Fig. 20A and Fig. 20B are schematic diagrams de- 
scribing the merging bit selecting process per- 
formed by the modulator according to the present 
invention. 

Fig. 21 is a block diagram showing an example of 
a CD reproducing apparatus. 
Fig. 22 is a flow chart describing a merging bit se- 
lecting process performed by a conventional mod- 
ulator. 

Fig. 23A and Fig. 23B are schematic diagrams de- 
scribing the merging bit selecting process per- 
formed by the conventional modulator. 
Fig. 24 is a block diagram describing a flow of a disc 
copying process. 

Fig. 25 is a block diagram showing an outline of a 
reproducing process portion when a disc copying 
process is performed. 

Fig. 26 is a block diagram showing an outline of a 
recording process portion when a disc copying 
process is performed. 
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Best Modes for Carrying out the Invention 

[0016] Next, with reference to the accompanying 
drawings, an embodiment of the present invention will 
be described. In this example, copy restriction is per- 
formed with a special pattern of which when connection 
bits (hereinafter referred to as merging bits) are selected 
in the EFM (eight to fourteen modulation) modulation, 
the merging bits selected when DSV (Digital Sum Vari- 
ation) is controlled according to the relation of an imme- 
diately preceded code symbol and a code symbol im- 
mediately followed thereby are different from the merg- 
ing bits selected in the EFM modulation when DSV is 
controlled according to the relation of that code symbol 
and a code symbol further immediately followed there- 
by. 

[0017] Fig. 1 shows an example of the structure of a 
mastering apparatus that produces a data recording 
medium according to the present invention. A data re- 
cording medium is for example an optical disc that ac- 
cords with for example the CD (Compact Disc) standard. 
The mastering apparatus has a laser light source 1 that 
is a gas laser (for example, an Ar ion laser, an He-Cd 
laser, or a Kr ion laser) or a semiconductor laser, an 
acoustooptic effect type or electrooptic type optical 
modulator 2 that modulates laser light emitted from the 
laser light source 1 , and an optical pickup 3 that has an 
objective lens that collects laser light that has passed 
through the optical modulator 2 and radiates the collect- 
ed light to a photoresist surface of a disc shaped glass 
master disc 4 on which photoresist as a photosensitive 
material has been coated. 

[0018] The optical modulator 2 modulates the laser 
light emitted from the laser light source 1 corresponding 
to a supplied record signal. The mastering apparatus ra- 
diates the modulated laser light to the glass master disc 
4. As a result, a master on which data has been recorded 
is produced. In addition, the mastering apparatus has a 
servo portion (not shown). The servo portion performs 
a tracking control for controlling the relative positions of 
the optical pickup 3 and the master disc 4 and a rotation 
driving operation control of a spindle motor 5. The rota- 
tions of the glass master disc 4 are driven by the spindle 
motor 5 at for example constant linear velocity. 
[0019] The record signal is supplied from an EFM 
modulator 1 2 to the optical modulator 2. Main digital da- 
ta to be recorded is supplied from an input terminal 6. 
The main digital data is for example two-channel stereo 
digital audio data. Of course, the main digital data may 
be still picture data, video data, or CD-ROM data as well 
as digital audio data. The main digital data may be also 
digital audio data that has been compressed according 
to the MP3, the ATRAC, or the like. To protect data, the 
main digital data may be encrypted data. 
[0020] A sub code of channels P to W according to 
the current CD standard is supplied from an input termi- 
nal 7. A frame sync is supplied to an input terminal 9. 
[0021] In addition, special pattern data is supplied 
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from an input terminal 8. In the special pattern, merging 
bits selected in the EFM modulation when DSV is con- 
trolled according to the relation of an immediately pre- 
ceded code symbol and a code immediately followed 

5 thereby are different from merging bits selected in the 
EFM modulation when DSV is controlled according to 
the relation of that code symbol and a code symbol fur- 
ther immediately followed thereby. In reality, as shown 
in Fig. 2A and Fig. 2B, a special pattern is a pattern of 

10 which sub code data "OOh (where h represents hexa- 
decimal notation)" or u 40h" is followed by a data symbol 
u 90h", followed by data symbols u B9h" and "9 Ah" that 
are alternately repeated in one frame. When the sub 
code data "OOh" and "40h" are converted according to 

15 an EFM table, code symbols (01001000100000) and 
(01001000100100) are obtained, respectively. The low 
order two bits of these code symbols are (00), which is 
2T or more. The EFM conversion table will be described 
later. It should be noted that the foregoing pattern is just 

20 an example. 

[0022] The main digital data supplied from the input 
terminal 6 and the special pattern data supplied from the 
input terminal 8 are supplied to a CIRC (Cross Interleave 
Reed-Solomon Code) encoder 17 through a switch cir- 

25 cuit 11 . The switch circuit 11 is switched at a predeter- 
mined timing according to an output of an area control- 
ling circuit 16 so as to place data of the special pattern 
at a predetermined position of the main digital data. The 
CIRC encoder 1 7 performs an error correction code en- 

30 coding process for adding error correction parity data or 
the like and a scrambling process. In other words, 16 
bits of one sample or one word are divided into two sym- 
bols that are high order eight bits and low order eight 
bits. In the unit of one symbol, the error correction code 

35 encoding process for adding for example CIRC error 
correction parity data or the like and the scrambling 
process are performed. 

[0023] The sub code data supplied from the input ter- 
minal 7 is converted into sub code data having the EFM 

40 frame format of a sub code by a sub code encoder 1 0. 
[0024] An output of the CIRC encoder 1 7 and an out- 
put of the sub code encoder 1 0 are supplied to a multi- 
plexer 13. The multiplexer 13 arranges data that is out- 
put from the CIRC encoder 1 7 and the sub code encoder 

45 10 in a predetermined order. Output data of the multi- 
plexer 1 3 is supplied to the EFM modulator 1 2. The EFM 
modulator 12 converts a symbol of eight bits into data 
of 14 channel bits according to the conversion table. A 
frame sync is supplied to the EFM modulator 12. 

50 [0025] In association with the EFM modulator 12, a 
merging bit selecting portion 14 and a DSV controlling 
portion 15 are disposed. The merging bit selecting por- 
tion 14 and the DSV controlling portion 15 select merg- 
ing bits (000), (001 ), (010), or (1 00) that satisfies the run 

55 length limit conditions (Tmin = 3T and Tmax = 1 1 T) and 
of which DSV approaches to "0". The merging bit select- 
ing portion 14 and the DSV controlling portion 15 per- 
form a merging bit selecting process according to not 
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only the relation of an immediately preceded code sym- 
bol and a code immediately followed thereby, but also 
the relation of those symbols and a code symbol further 
immediately followed thereby that is pre-read. 
[0026] An output of the EFM modulator 1 2 is supplied 5 
to the optical modulator 2. The EFM modulator 12 gen- 
erates a record signal of the CD EFM frame format. The 
record signal is supplied to the optical modulator 2. With 
modulated laser light modulated by the optical modula- 
tor 2, photoresist on the glass master disc 4 is exposed. 
A developing process and an electroplating process are 
performed for the glass master disc 4 on which data has 
been recorded in such a manner. As a result, a metal 
master is produced. With the metat master, a mother 
disc is produced. With the mother disc, a stamper is pro- 
duced. With the stamper, a substrate for an optical disc 
is produced by the compression molding method, the 
injection molding method, or the like. A reflection layer 
made of Al or the like is formed on the produced disc 
substrate. On the reflection layer, a protection layer is 
formed. As a result, an optical disc is produced. 
[0027] Fig. 3 shows the data structure of one EFM 
frame of the CD format. In the CD format, parity Q and 
parity P which are four symbols each are made from a 
total of 12 samples (24 symbols) of two-channel digital 
audio data. 33 symbols (264 data bits) of which one 
symbol of sub code data is added to a total of 32 symbols 
is treated as one block. In other words, one frame which 
has been EFM modulated contains sub code data of one 
symbol, data of 24 symbols, a Q parity of four symbols, 
and a P parity of four symbols. 
[0028] In the EFM modulating system, each data sym- 
bol (eight data bits) is converted into a code symbol of 
14 channel bits. Merging bits of three bits are placed 
between two code symbols of 14 channel bits each. In 
addition, a frame sync pattern is added at the beginning 
of a frame. When the period of a channel bit is T, a frame 
sync pattern is a pattern of which 11T, 11T, and 2T are 
in succession. Since such a pattern does not take place 
according to the EFM conversion rule, a frame sync can 
be detected with such a special pattern. The total 
number of bits of one EFM frame is 588 channel bits. 
The frame frequency is 7.35 kHz. 
[0029] As shown in Fig. 4, a block of 98 EFM frames 
is referred to as sub code frame (or sub code frame). A 
sub code frame of which 98 frames are arranged in suc- 
cession is composed of a sync pattern portion that iden- 
tifies the beginning of the sub code frame, a sub code 
portion, and a data and parity portion. A sub code frame 
is equivalent to 1/75 second of a reproduction time of a 
conventional CD. 

[0030] The sub code portion is composed of 98 EFM 
frames. Two frames at the beginning of the sub code 
portion are synchronous patterns SO and S1 of the sub 
code frame and patterns of an EFM out-of-rule. The in- 
dividual bits of the sub code portion compose P, Q, R, 
S, T, U, V, and W channels. 

[0031 ] Although R channel to W channel may be used 
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for special purposes such as a still picture or a subtitle 
display of so-called Karaoke, they are normally not 
used. P channel and Q channel are used for a track po- 
sition controlling operation for the pickup during repro- 
duction of digital data recorded on the disc. 
[0032] P channel is used to record a signal whose lev- 
el is "0" in a so-called lead-in area, which is an inner 
peripheral portion of the disc and a signal whose level 
alternately varies between M 0" and M 1 " at predetermined 
periods in a so-called lead-out area, which is an outer 
peripheral portion of the disc. P channel is also used to 
record a signal whose level is "1" between music pro- 
grams in a program area formed between the lead-in 
area and the lead-out area of the disc and a signal 
whose level is "0" in the other area. P channel is used 
to detect the beginning of each music program during 
reproduction of digital audio data recorded on the CD. 
[0033] Q channel is provided to more acutely control 
digital audio data recorded on the CD during reproduc- 
tion. One sub code frame of Q channel is composed of 
a control bit portion, an address bit portion, a data bit 
portion, and a CRC (Cyclic Redundancy Check) bit por- 
tion as shown in Fig. 5. 

[0034] Thus, in the program area (except for an area 
between music programs), as shown in Fig. 6A and Fig. 
6B, a data symbol in the sub code portion is u 00h" or 
M 40h". In other words, R to W channels are not used, 
whereas P channel and Q channel are used. In an area 
between music programs, P channel is "0". When data 
of Q channel is M 0 M , as shown in Fig. 6A, a data symbol 
in the sub code portion is u 00h\ When data of Q channel 
is M 1 tt , as shown in Fig. 6B, a data symbol in the sub 
code portion is M 40h M . 

[0035] According to the present embodiment, a spe- 
cial pattern is placed in such a manner that merging bits 
selected in the EFM modulation when DSV is controlled 
according to the relation of an immediately preceded 
code symbol and a code immediately followed thereby 
are different from merging bits selected in the EFM mod- 
ulation when DSV is controlled according to the relation 
of that code symbol and a code symbol further immedi- 
ately followed thereby. Next, such a special pattern will 
be described. 

[0036] As described above, in the CD format, as a 
modulating system used to record data, the EFM mod- 
ulation is used. In the EFM modulation, eight data bits 
(sometimes referred to as data symbol) are converted 
into 14 channel bits (sometimes referred to as code 
symbol). In addition, when 1 4-bit code symbols are con- 
nected, merging bits are placed therebetween so as to 
satisfy the run length limit conditions and keep DC bal- 
ance. 

[0037] Fig. 7 to Fig. 12 show an example of the EFM 
conversion table that converts data bits of eight bits into 
channel bits of 14 bits. In Fig. 7 to Fig. 12, data symbols 
are represented in hexadecimal notation (00 to FF), dec- 
imal notation (0 to 255), and binary notation (d1 d8). 
"1" of a code symbol represents that a waveform is in- 
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verted. The minimum time length of the EFM modulation 
(time length in which the number of Os between two 1s 
of a record signal becomes the minimum) Tmin is 3T. 
The maximum time length of the EFM modulation (time 
length in which the number of Os between two 1s of a 
record signal becomes the maximum) Tmax is 11T. The 
pit length equivalent to T is the shortest pit length. All 
code symbols shown in Fig. 7 to Fig. 12 satisfy rules of 
which the minimum time length is 3T and the maximum 
time length Tmax is 11 T (hereinafter they are referred 
to as run length limit conditions). 
[0038] Between two code symbols of 14 bits each, 
three merging bits are placed so as to satisfy the fore- 
going run length limit conditions and keep the DC bal- 
ance. As merging bits, there are four types of patterns 
"000", "00r, "010", and "100". Among the four patterns 
of merging bits, one pattern that satisfies the run length 
limit conditions of which the minimum time length Tmin 
is 3T and the maximum time length is 11T and of which 
DSV (Digital Sum Variation) is close to "0" is selected. 
[0039] Next, an example of which merging bits are 
used to connect code symbols of 14 bits each will be 
described with reference to Fig. 13A to Fig. 13D. The 
following example is described in "Book on Compact 
Disc (Version 3) [translated title; written in Japanese]", 
published by Ohm-Sha Publishing Company, Japan, 
March 25,2001. 

[0040] As shown in Fig. 1 3A, the cast that a preceded 
pattern of 14 bits ends with "010" and a data symbol 
immediately followed thereby is "01110111" ("77h" in 
hexadecimal notation and "119" in decimal notation) will 
be considered. The data symbol is converted into a code 
symbol of 14 bits (00100010000010) according to the 
conversion table shown in Fig. 7 to Fig 12. In Fig. 13A 
to Fig. 13D, before timing to, the code symbol of 14 bits 
ends. At timing t, after the period of merging bits, the 
immediately followed code symbol of 14 bits starts. At 
timing t 2 , the further followed pattern of 14 bits starts. 
The waveform is inverted at "1 ". 
[0041 ] When the preceded pattern of 1 4 bits ends with 
(010) and the immediately followed code symbol of 14 
bits is converted into (00100010000010), if the merging 
bits (100) of the foregoing four patterns are used, the 
condition of Tmin = 3T is not satisfied. Thus, the merging 
bits (100) cannot be used. From the rest of patterns of 
the merging bits (000), (01 0), and (001 ), one pattern that 
decrease DSV is selected. 

[0042] DSV is a cumulative value of which when a 
waveform is in a high level, "+1 " is counted and when a 
waveform is in a low level, "-1 " is counted. As an exam- 
ple, it is assumed that DSV at timing to is (-3). 
[0043] Fig. 13B shows the case that "000" are used 
as merging bits. Fig. 13C shows the case that "010" are 
used as merging bits. Fig. 13D shows the case that 
"001 " are used as merging bits. 
[0044] As shown in Fig. 1 3B, when (000) are used as 
merging bits, DSV is "-3" at timing to. DSV is "+3" in 
period (to to t1 ). DSV is "+2" (+2 - 4 + 6 - 2 = +2) in period 
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(t1 to t2). Thus, DSV is (-3 + 3 + 2 = +2) at timing t2. 
[0045] As shown in Fig. 1 3C, when (01 0) are used as 
merging bits, DSV is M -3" at timing to. DSV is "-1" (+1 - 
2 = -1) in period (tO to t1). DSV is "-2" (-2 + 4 - 6 + 2 = 
5 -2) in period (t1 to t2). Thus, DSV is (-3 - 1 - 2 = -2) at 
timing t2. 

[0046] As shown in Fig. 1 3D, when (001 ) are used as 
merging bits, DSV is "-3" at timing tO. DSV is "+1 " (+2 - 
1 = 1 ) in period (tO to t1 ). DSV is "-2" (-2 + 4 - 6 + 2 = 
10 -2) in period (t1 to t2). Thus, DSV is (-3 + 1 - 2 = -4) at 
timing t2. 

[0047] Thus, when the preceded pattern of 14 bits 
ends with (010) and the immediately followed code sym- 
bol of 14 bits is converted into (00100010000010), 

15 merging bits that satisfy the run length limit conditions 
(Tmin = 3T and Tmax = 1 1 T) are (000), (010), and (001 ). 
When (000) are used as merging bits, DSV becomes 
"+2". When (010) are used as merging bits, DSV be- 
comes "-6". When (001) are used as merging bits, DSV 

20 becomes "-4". Thus, merging bits (000) of which DSV 
becomes closest to "0" at timing t2 are selected as merg- 
ing bits in period (to to t1 ). 

[0048] Thus, when code symbols of 14 bits each are 
connected, merging bits are selected from four patterns 
25 of (000), (001), (010), and (100) that satisfy the rules 
(Tmin = 3T and Tmax = 1 1 T) and of which the cumulative 
value of DSV approaches to "0". As a result, the run 
length limit conditions (Tmin = 3T and Tmax = 11T) can 
be satisfied. In addition, DSV converges to "0". In such 
30 a manner, in the EFM, when merging bits are properly 
selected, DSV can be caused to converge to "0". When 
DSV converges to "0", the DC balance is kept. When 
the DC balance is not kept, the slice level in which data 
is reproduced goes wrong. As a result, an error increas- 
es es and the spindle servo gets disordered. Substantially, 
the reproducing operation cannot be performed. 
[0049] However, even if merging bits are selected, 
DSV does not always converge to "0" in every pattern. 
In other words, in some special patterns, DSV does not 
40 converge to "0". 

[0050] For example, a pattern of which data symbols 
"FAh" are repeated as shown in Fig. 14A is considered. 
When a data symbol "FAh° is converted into a code sym- 
bol of 14 bits according to the foregoing conversion ta- 
45 ble, a code symbol (10010000010010) is obtained. As 
merging bits that connect code symbols 
(10010000010010), into which data symbols "FAh" 
have been converted, as shown in Fig. 14B, (000) are 
unconditionally used. This is because other merging bits 
so ((001), (010), and (100)) do not satisfy the run length 
limit condition Tmin = 3T. 

[0051] Fig. 14C shows a waveform of the pattern 
shown in Fig. 14B. As is clear from Fig. 14C, in the pat- 
tern, DSV negatively increases by "-5" (-3 + 3 - 6 + 3 - 
55 2 = -5) in period (t1 0 to f 1 1 ). Thus, in a pattern of which 
data symbols "FAh" are repeated, DSV negatively in- 
creases, not converges to M 0". 

[0052] Next, a pattern of which data symbols "FBh" 
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are repeated as shown in Fig. 15A is considered. When 
a data symbol "FBh" is converted into a code symbol of 
14 bits according to the foregoing conversion table, a 
code symbol (10001000010010) is obtained. As merg- 
ing bits that connect code symbols (1 0001 00001 001 0), s 
into which data symbols "FBh" have been converted, 
due to the run length limit conditions (Tmin = 3T and 
Tmax = 11T), (000) are unconditionally selected as 
shown in Fig. 15B. 

[0053] Fig. 15C shows a waveform of the pattern 
shown in Fig. 1 5B. As is clear from Fig. 1 5C, when code 
symbols (1 0001 00001 001 0) of 1 4 channel bits each, in- 
to which data symbols "FBh" have been converted, are 
connected with merging bits (000), DSV negatively in- 
creases by (-3 + 4 - 5 + 3 - 2 = -3) in period (t20 to t21 ). 
Thus, in a pattern of which data symbols "FBh" are re- 
peated, DSV negatively increases, not converges to "0". 
[0054] As shown in Fig. 16A, a pattern of which data 
symbols "FAh" and "FBh" are alternately repeated. 
When a data symbol "FAh" is converted into a code sym- 
bol of 14 bits according to the foregoing conversion ta- 
ble, a code symbol (10010000010010) is obtained. 
When a data symbol "FBh" is converted into a code sym- 
bol of 14 bits according to the foregoing conversion ta- 
ble, a code symbol (10001000010010) is obtained. As 
merging bits that connect the code symbol 
(10010000010010), into which the data symbol "FAh" 
has been converted, and the code symbol 
(10001000010010), into which the data symbol "FBh" 
has been converted, due to the run length limit condition 
(Tmin = 3T), (000) are unconditionally selected as 
shown in Fig. 16B. 

[0055] Fig. 16C shows a waveform of the pattern 
shown in Fig 16B. As is clear from Fig. 16C, when the 
code symbol (10010000010010), into which the data 
symbol "FAh" has been converted, and the code symbol 
(10001000010010), into which the data symbol "FBh" 
has been converted, are connected with the merging 
bits (000), as the waveform shown in Fig. 1 6C, DSV neg- 
atively increases by "-5" (-3 + 3 - 6 + 3 - 2 = -5) in period 
(t30 to t31). DSV negatively increases by "-3" (-3 + 4 - 
5 + 3 - 2 = -3) in period (t31 to t32). Thus, in a pattern 
of which "FAh" and TBh" are alternately repeated, DSV 
negatively increases, not converges to "0". 
[0056] Thus, in the foregoing special patterns, merg- 
ing bits cannot be selected. Consequently, using flexi- 
bility of merging bits, the function for causing DSV to 
converge to "0" does not work. As long as such a data 
pattern continues, DSV positively or negatively contin- 
ues to increase. Unless DSV converges to "0", the DC 
balance is lost, an error increases, and the servo gets 
disordered. Substantially, the reproducing operation for 
the disc cannot be performed. 

[0057] It is clear that special patterns of which DSV 
does not converge to "0" are not limited to the foregoing 
examples. For example, when a converted code symbol 
of 14 bits that ends with "OT" or "1T" and a converted 
code symbol of 14 bits that begins with "0T" or "1T" are 
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connected, merging bits cannot be selected. Thus, there 
is a possibility of which DSV does not converge to "0". 
[0058] As described above, as merging bits that con- 
nect code symbols of 14 bits each, merging bits are se- 
lected from (000), ( 1 00), (01 0), and (001 ) that satisfy the 
run length limit conditions (Tmin = 3T and Tmax = 11T) 
and of which DSV approaches to "0". Merging bits are 
selected so that they satisfy the run length limit condi- 
tions (Tmin = 3T and Tmax = 11T) and the cumulative 
value of DSV approaches to "0". 
[0059] However, there is a special pattern of which 
when merging bits are selected according to the relation 
of an immediately preceded code symbol and a code 
symbol immediately followed thereby so that DSV ap- 
proaches to "0", DSV increases according to the relation 
of those code symbol and a code symbol further imme- 
diately followed thereby. In other words, there is a spe- 
cial pattern of which merging bits selected in the EFM 
modulation when DSV is controlled according to the re- 
lation of an immediately preceded code symbol and a 
code symbol immediately followed thereby is different 
from merging bits selected in the EFM modulation when 
DSV is controlled according to the relation of those sym- 
bols and a code symbol further immediately followed 
thereby. In such a special pattern, it is necessary to se- 
lect merging bits according to not only the relation of an 
immediately preceded code symbol and a code symbol 
immediately followed thereby, but also the relation of 
those code symbol and a code symbol further immedi- 
ately followed thereby. 

[0060] Next, a pattern of which a data symbol ^Oh" 
is followed by data symbols "B9h" and "9Ah" that are 
alternately repeated is considered. 
[0061] When a data symbol "90h" is converted into a 
code symbol of 14 bits according to the foregoing con- 
version table, a code symbol of 14 bits 
(10000000100001) is obtained. When the immediately 
preceded code symbol ends with "00", (the sub code is 
"OOh" or a 40h u and the code symbol thereof ends with 
"00"), merging bits that immediately precede the code 
data (10000000100001) are (000) or (100) due to the 
run length limit conditions (Tmin = 3T and Tmax = 11T). 
The merging bits (000) or (100) are selected depending 
on DSV. Fig. 1 7B and Fig. 1 7C show the case that merg- 
ing bits (000) have been selected. Fig. 1 7D and Fig. 1 7E 
show the case that (100) are selected as merging bits. 
[0062] In Fig. 17A to Fig. 17E, it is assumed that the 
cumulative value of DSV is (-50) until timing t50. As 
shown in Fig. 17B, when (000) are selected as merging 
bits. DSV varies by "+1" (-3 + 8 - 5 + 1 = +1) in period 
(t50 to t51 ). DSV is (-49) at timing t51 . 
[0063] In contrast, as shown in Fig. 17D, when (100) 
are selected as merging bits, DSV varies by "-1 " (+3 -8 
+ 5 - 1 = -1) in period (t50 to t51). DSV is "-51 " at timing 
t51. 

[0064] Thus, when (000) are selected as merging bits, 
DSV is "-49 u at timing t51 . When (100) are selected as 
merging bits, DSV is "-51 " at timing t51 . Thus, normally, 
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(000) are selected as merging bits. 
[0065] However, in such a pattern, when (000) are se- 
lected as merging bits, as denoted by broken line L1 of 
Fig. 18, DSV negatively increases. Thus, DSV does not 
converge to "0". On the other hand, when (100) are se- 5 
lected as merging bits, as denoted by broken line L2 of 
Fig. 18, DSV converges to "0". 
[0066] In other words, when (000) are selected as 
merging bits, thereafter, the waveform varies as shown 
in Fig. 17C. 

[0067] As shown in Fig. 17A to Fig. 17E, a data sym- 
bol "90h" is followed by a data symbol w B9h tt . When the 
data symbol "BQh" is converted into a code symbol of 
14 bits according to the foregoing conversion table, a 
code symbol "10000000001001" is obtained. As merg- 
ing bits placed between the code data 
(10000000100001), into which the data symbol l, 90h" 
has been converted, and the code data 
(10000000001001), into which the data symbol "B9h" 
has been converted, due to the run length limit condi- 
tions (Tmin = 3T and Tmax = 11T), merging bits (000) 
are unconditionally selected. When (000) are selected 
as merging bits, DSV varies by "-5" (+3 -10 + 3 - 5 = -5) 
in period (t51 to t52). DSV is "-54" at timing t52. 
[0068] The data symbol a B9W is followed by a data 
symbol "9Ah n . When the data symbol "9Ah" is converted 
into a code symbol of 14 bits according to the foregoing 
code symbol, a code symbol (10010000000001) is ob- 
tained. As merging bits placed between the code data 
(10000000001001), into which the data symbol "B9h" 
has been converted, and the code symbol 
(10010000000001), into which the data symbol "9Ah" 
has been converted, due to the run length limit condi- 
tions (Tmin = 3T and Tmax = 11T), (000) are uncondi- 
tionally selected. When (000) are selected as merging 
bits, DSV varies by "-9" (-3 + 3-10+1 = -9) in period 
(t52 to t53). DSV is "-63" at timing t53. 
[0069] Thereafter, DSV varies by "-5" in the period of 
the data symbol "B9h". DSV varies by "-9" in the period 
of the data symbol "9Ah" . DSV varies as denoted by bro- 
ken line L1 of Fig. 1 8. Thereafter, since the data symbols 
*9Ah" and "B9h M are alternately repeated, DSV nega- 
tively increases. Thus, DSV does not converge to "0". 
[0070] In contrast, Fig. 17E shows a waveform in the 
case that (100) are selected as the first merging bits. 
[0071] As shown in Fig. 17AtoFig. 17E, the data sym- 
bol "90h" is followed by the data symbol "B9h". When 
the data symbol "B9h M is converted into a code symbol 
of 14 bits, a code symbol (10000000001001) is ob- 
tained. As merging bits placed between the code data 
(10000000100001), into which the data symbol "90h" 
has been converted, and the code data 
(10000000001001), into which the data symbol "B9h" 
has been converted, due to the run length limit condi- 
tions (Tmin = 3T and Tmax = 11T), (000) are uncondi- 
tionally selected. When (000) are selected as merging 
bits, DSV varies by "+5" (-3 + 10 - 3 + 1 = +5) in period 
(t51 to t52). DSV is "-46" at timing t52. 


[0072] The data symbol "B9h" is followed by the data 
symbol "9Ah". When the data symbol "9Ah" is converted 
into a code symbol of 14 bits, a code symbol 
(10010000000001) is obtained. As merging bits placed 
between the code data (10000000001001), into which 
the data symbol "B9h" has been converted, and the 
code data (10010000000001), into which the data sym- 
bol "9Ah" has been converted, due to the run length limit 
conditions (Tmin = 3T and Tmax = 11T), (000) are un- 
conditionally selected. When (000) are selected as the 
merging bits, DSV varies by "+9" (+3-3+10-1 = +9) 
in period (t52 to t53). DSV is n -37 u at timing t53. 
[0073] Thereafter, DSV varies by "+5 W in the period of 
the data symbol u B9h". DSV varies by "+9" in the period 
of the data symbol "9Ah M . DSV varies as denoted by bro- 
ken line L2 of Fig. 18. Thus, thereafter, the data symbol 
"9Ah" and the data symbol "B9h" are alternately repeat- 
ed. As a result, DSV positively increases. As denoted 
by broken line L2 of Fig. 18, DSV converges to "0". 
[0074] In such a special pattern, when merging bits 
are selected so that DSV approaches to "0" according 
to the relation of an immediately preceded code symbol 
and a code symbol immediately followed thereby, there- 
after, DSV positively or negatively increases. In such a 
pattern, it is necessary to select merging bits according 
to not only the relation of an immediately preceded code 
symbol and a code symbol immediately followed there- 
by, but also the relation of that code symbol and a code 
symbol further immediately followed thereby. Such a 
pattern is not limited to the foregoing example. 
[0075] In the foregoing example, merging bits of 
which DSV approaches to w 0" according to the relation 
of an immediately preceded code symbol and a code 
symbol immediately followed thereby are different from 
merging bits of which DSV approaches to "0" according 
to the relation of that code symbol and a code symbol 
further immediately followed thereby. However, accord- 
ing to the present invention, a special pattern of which 
merging bits or a conversion pattern selected when DSV 
is calculated according to the relation of one code sym- 
bol and A code symbols immediately followed thereby 
is different from merging bits or a conversion pattern se- 
lected when DSV is calculated according to the relation 
of one code symbol and B (where B > A) code symbols 
immediately followed thereby can be used. The prede- 
termined number A is normally "I". 
[0076] As described above, in the EFM modulation, 
using the flexibility of merging bits, DSV is caused to 
converge to "0". However, it is clear that in a special pat- 
tern merging bits are unconditionally selected and DSV 
cannot be caused to converge to "0". 
[0077] It is clear that in a special pattern merging bits 
selected in the EFM modulation when DSV is controlled 
according to the relation of an immediately preceded 
code symbol and a code symbol immediately followed 
thereby are different from merging bits selected in the 
EFM modulation when DSV is controlled according to 
the relation of that code symbol and a code symbol fur- 
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ther immediately followed thereby. 
[0078] In the case that such a special pattern is con- 
tained in an original disc, when data is reproduced from 
the original disc, the reproduced data is encoded by a 
conventional encoder, and the encoded data is recorded 
on a recording medium such as a CD-R disc, then a re- 
cording medium of which DSV does not converge to "0" 
is produced. As a result, the reproduced data would not 
been correctly read from the medium. 
[0079] In the example, as described above, a special 
pattern of which merging bits selected in the EFM mod- 
ulation when DSV is controlled according to the relation 
of an immediately preceded code symbol and a code 
symbol immediately followed thereby are different from 
merging bits selected in the EFM modulation when DSV 
is controlled according to the relation of that code sym- 
bol and a code symbol further immediately followed 
thereby is used. 

[0080] In other words, in the master apparatus shown 
in Fig. 1 , which produces an original CD, the EFM mod- 
ulator 12, the merging bit selecting portion 14, and the 
DSV controlling portion 1 5 select merging bits according 
to not only the relation of an immediately preceded code 
symbol and a code symbol immediately followed there- 
by, but also the relation of that code symbol and a code 
symbol further immediately followed thereby that is pre- 
read. Thus, even if an original recording medium pro- 
duced by the master apparatus contains a special pat- 
tern shown in Fig. 2A, Fig. 2B, or Fig. 17A to Fig. 17E, 
merging bits are selected so that DSV converges to "0". 
In contrast, when data of an original recording medium 
is copied to a CD-R disc or the like, the EFM modulating 
portion selects merging bits of which DSV approaches 
to "0" according to the relation of only an immediately 
preceded code symbol and a code symbol immediately 
followed thereby not the relation of that code symbol and 
a code symbol further immediately followed thereby that 
is pre-read. Thus, when a special pattern shown in Fig. 
2A, Fig. 2B, or Fig. 17A to Fig. 17E is reproduced from 
a copied recording medium, since DSV increases, the 
reproducing operation cannot be performed. 
[0081] Fig. 19 is a flow chart showing an example of 
a process for selecting merging bits according to not on- 
ly the relation of an immediately preceded code symbol 
and a code symbol immediately followed thereby, but 
also the relation of that code symbol and a code symbol 
further immediately followed thereby that is pre-read as 
with the EFM modulator 12, the merging bit selecting 
portion 14, and the DSV controlling portion 15 of the 
mastering apparatus shown in Fig. 1 . 
[0082] As shown in Fig. 20A, an immediately preced- 
ed data symbol of eight bits is denoted by DO, a current 
data symbol of eight bits is denoted by D1 , a data symbol 
of eight bits immediately followed thereby is denoted by 
D2, and data symbols further immediately followed 

thereby are denoted by D3, D4 and so forth. 

[0083] As shown in Fig. 20B, these data symbols DO, 
D1 , D2, D3, D4, ... and so forth are converted into code 


symbols of 14 bits each. The converted code symbols 
are denoted by d0, d1 , d2, d3, and so forth. The po- 
sition of merging bits placed between the code symbol 
dO and the code symbol d1 is denoted by (A = 1). The 

5 position of merging bits placed between the code sym- 
bol d1 and the code symbol d2 is denoted by (A = 2). 
Alternatives of four patterns of merging bits of (A = 1) 
are denoted by MPn (1) ((MP0 (1) = 000), (MP1 (1) - 
001), (MP2 (1) = 010), and (MP3 (1) = 100). Alternatives 

10 of four patterns of merging bits of (A = 2) are denoted 
by MPn (2) ((MP0 (2) = 000), (MP1 (2) = 001 ), (MP2 (2) 
= 010), and (MP3 (2) = 100)). 

[0084] In Fig. 19, when merging bits placed between 
the code symbol dO and the code symbol d1 immediate- 

15 |y followed thereby are selected, the data symbol D1 of 
eight bits and the data symbol D2 immediately followed 
thereby are input (at step S1 ). The data symbols D1 and 
D2 are converted into code symbols d1 and d2 of 14 bits 
each according to the conversion table (at step S22). 

20 Alternative merging bits placed between the code sym- 
bol dO and the code symbol d1 (A1) and alternative 
merging bits placed between the code symbol d1 and 
the code symbol d2 (A2) are selected (at step S3). 
[0085] First of all, (A = 1), (n (1) = 0) are set. With 

25 merging bits MP0 (1 ) (MP0 (1 ) = 000), the code symbol 
dO and the code symbol d1 (at position A = 1) are tried 
to be connected (at step S4). With the merging bits MP0 
(1), the code symbol dO and the code symbol d1 are 
tried to be connected and it is determined whether or 

30 not the run length limit condition of the minimum inver- 
sion period (Tmin = 3T) is satisfied (at step S5). When 
the condition of the minimum inversion period (Tmin = 
3T) is satisfied, it is determined whether or not the run 
length limit condition of the maximum inversion period 

35 (Tmax = 11T) is satisfied (at step S6). 

[0086] When the condition of the minimum inversion 
period (Tmin = 3T) is not satisfied at step S5 or when 
the condition of the maximum inversion period (Tmax = 
11T) is not satisfied at step S6, n (1) is incremented (at 

40 step S7). With the merging bits MPn + 1 (1), the code 
symbol dO and the code symbol d1 are tried to be con- 
nected (A = 1) and it is determined whether or not the 
run length limit condition of the minimum inversion pe- 
riod (Tmin = 3T) is satisfied (at step S5). When the con- 

45 dition of the minimum inversion period (Tmin = 3T) is 
satisfied, it is determined whether or not the run length 
limit condition of the maximum inversion period (Tmax 
= 11T) is satisfied (at step S6). 
[0087] When the condition of the minimum inversion 

so period (Tmin = 3T) is satisfied at step S5 and when the 
condition of the maximum inversion period (Tmax = 11T) 
is satisfied at step S6, as merging bits that satisfy the 
run length limit conditions of (A = 1), the information is 
stored (at step S8). Thereafter, it is determined whether 

55 or not (n (1) = 3) is satisfied (at step S9). When (n (1) = 
3) is not satisfied, n (1 ) is incremented (at step S7). With 
the merging bits MPn + 1 (1), the code symbol dO and 
the code symbol d1 are tried to be connected (A = 1) 
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and it is determined whether or not the run length limit 
condition of the minimum inversion period (Tmin = 3T) 
is satisfied (at step S5). When the condition of the min- 
imum inversion period (Tmin = 3T) is satisfied, it is de- 
termined whether or not the run length limit condition of 
the maximum inversion period (Tmax = 11T) is satisfied 
(at step S6). 

[0088] By repeating the foregoing process, with the 
merging bits MP0(1)(MP0(1) = 000), MP1 (1)(MP1 (1) 
= 001), MP2 (1) (MP2 (1) = 010), MP3 (1) (MP3 (1) = 
100), the code symbol dO and the code symbol d1 are 
connected (A - 1) and it is determined whether or not 
the run length limit conditions of the minimum inversion 
period (Tmin = 3T) and the maximum inversion period 
(Tmax = 11T) are satisfied. The information of merging 
bits that satisfy the run length limit conditions is stored 
at step S8. 

[0089] When the determined result at step S9 repre- 
sents that (n (1 ) = 3) is satisfied, it is determined whether 
or not (A = 2) is satisfied (at step S1 0). When (A = 2) is 
not satisfied, A is incremented (at step S11). Thereafter, 
the flow returns to step S5. 

[0090] Thereafter, (A = 2), (n (2) = 0) are set. With the 
merging bits MP0 (2) (MP0 (2) = 000), the code symbol 
d1 and the code symbol d2 are tried to be connected (A 
= 2). With the merging bits MP0 (2), the code symbol d1 
and the code symbol d2 are tired to be connected and 
it is determined whether or not the run length limit con- 
dition of the minimum inversion period (Tmin = 3T) is 
satisfied (at step S5). When the condition of the mini- 
mum inversion period (Tmin = 3T) is satisfied, it is de- 
termined whether or not the run length limit condition of 
the maximum inversion period (Tmax = 11T) is satisfied 
(at step S6). 

[0091] When the condition of the minimum inversion 
period (Tmin = 3T) is not satisfied at step S5 or when 
the condition of the maximum inversion period (Tmax = 
11T) is not satisfied at step S6, n (2) is incremented (at 
step S7). With the merging bits Mpn 4- 1 (2), the code 
symbol d1 and the code symbol d2 are tired to be con- 
nected (A = 2) and it is determined whether or not the 
run length limit conditions of the minimum inversion pe- 
riod (Tmin = 3T) is stratified (at step S5). When the con- 
dition of the minimum inversion period (Tmin = 3T) is 
satisfied, it is determined whether or not the run length 
limit condition of the maximum inversion period (Tmax 
= 11T) is satisfied (at step S6). 
[0092] When the condition of the minimum inversion 
period (Tmin = 3T) is satisfied at step S5 and when the 
condition of the maximum inversion period (Tmax = 1 1 T) 
is satisfied at step S6, as merging bits that satisfy the 
run length limit conditions of (A = 2), this information is 
stored (at step S8). Thereafter, it is determined whether 
or not (n (2) = 3) is satisfied (at step S9). When (n (2) = 
3) is not satisfied, n (2) is incremented (at step S7). With 
the merging bits MPn + 1 (2), the code symbol d1 and 
the code symbol d2 are tired to be connected (A = 2) 
and it is determined whether or not the run length limit 


condition of the minimum inversion period (Tmin = 3T) 
is satisfied (at step S5). When the condition of the min- 
imum inversion period (Tmin = 3T) is satisfied, it is de- 
termined whether or not the run length limit condition of 
5 the maximum inversion period (Tmax = 11T) is satisfied 
(at step S6). 

[0093] By repeating the foregoing process, with the 
merging bits MP0 (2) (MP0(2) = 000), MP1 (2) (MP1 (2) 
= 001), MP2 (2) (MP2 (2) = 010), MP3 (2) (MP3 (2) = 
10 100), the code symbol d1 and the code symbol d2 are 
connected (A = 2) and it is determined whether or not 
the run length limit conditions of the minimum inversion 
period (Tmin = 3T) and the maximum inversion period 
(Tmax = 11T) are satisfied. The information of the merg- 
es ing bits that satisfy the run length conditions is stored at 
step S8. 

[0094] When the determined result at step S9 repre- 
sents that (n (2) = 3) is satisfied, it is determined whether 
or not (A = 2) is satisfied (at step S9). When (A = 2) is 

20 satisfied, with a combination of the merging bit informa- 
tion that satisfies the run length limit conditions of the 
minimum inversion period (Tmin = 3T) and the maxi- 
mum inversion period (Tmax = 11T) at the position (A = 
1 ) stored at step S8 and the merging bit information that 

25 satisfies the run length limit conditions of the minimum 
inversion period (Tmin = 3T) and the maximum inversion 
period (Tmax= 11T), DSV is calculated. In other words, 
in a combination of the merging bits MPn (1 ) that satisfy 
the conditions and that are placed between the imme- 

30 diately preceded code symbol dO and the current code 
symbol d1 (A = 1) and the merging bits MPn (2) that 
satisfy the conditions and that are placed between the 
current code symbol d1 and the code symbol d2 imme- 
diately followed thereby (A = 2), DSV is obtained. In the 

35 combination, the minimum value of the absolute values 
of DSV is selected (at step S12). Thus, merging bits 
placed between the code symbol dO and the current 
code symbol d1 (A = 1) are decided (at step S13). 
[0095] In the example, merging bits placed between 

40 the code symbol dO and the code symbol d1 immediate- 
ly followed thereby (A = 1) are decided by pre-reading 
the code symbol D2 further immediately followed there- 
by, converting the code symbol D2 into the code symbol 
d2, and considering merging bits selected between the 

45 code symbol d1 and the code symbol d2 (A = 2). In ad- 
dition, to decide the merging bits, the data symbols D3, 
D4, .... and so forth may be pre-read. 
[0096] Fig. 21 shows an example of the structure of a 
reproducing apparatus that reproduces data from an op- 

50 tical disc that has been produced in the foregoing mas- 
tering and stamping processes. 
[0097] Although the structure of the reproducing ap- 
paratus is the same as that of a conventional player or 
drive, the structure will be described for easy under- 

55 standing of the present invention. In Fig. 21 , reference 
numeral 21 represents a disc as a recording medium 
produced in the foregoing mastering and stamping proc- 
esses. Reference numeral 22 represents a spindle mo- 
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tor that drives the rotations of the disc 21. Reference 
numeral 23 represents an optical pickup that reproduc- 
es a signal from the disc 21. The optical pickup 23 is 
composed of a semiconductor laser that radiates laser 
light to the disc 21 , an optical system such as an objec- 
tive lens, a detector that receives light reflected from the 
disc 21 , a focus and tracking mechanism, and so forth. 
The optical pickup 23 is traveled in the radius direction 
of the disc 21 by a thread mechanism (not shown). 
[0098] Output signals of for example a four-divided 
detector of the optical pickup 23 are supplied to an RF 
portion 24. The RF portion 24 calculates the output sig- 
nals of the individual detector elements of the four-di- 
vided detector and generates a reproduction (RF) sig- 
nal, a focus error signal, and a tracking error signal. The 
reproduction signal is supplied to a sync detecting por- 
tion 25. The sync detecting portion 25 detects a frame 
sync from the beginning of each EFM frame. The de- 
tected frame sync, the focus error signal, and the track- 
ing error signal are supplied to a servo portion 26. The 
servo portion 26 controls the rotations of the spindle mo- 
tor 22 and performs a focus servo and a tracking servo 
of the optical pickup 23 corresponding to a reproduced 
clock of the RF signal. 

[0099J Main data that is output from the sync detecting 
portion 25 is supplied to an EFM demodulator 27. The 
EFM demodulator 27 performs an EFM demodulating 
process for the main data. Main digital data is supplied 
from the EFM demodulator 27 to a CIRC decoder 28. 
The CIRC decoder 28 performs an error correcting proc- 
ess for the main digital data. An interpolating circuit 29 
interpolates the main digital data and outputs the inter- 
polated data as reproduced data to an output terminal 
30. Sub code data is supplied from the EFM demodula- 
tor 27 to a system controller 32. 
[01 00] The system controller 32 is composed of a mi- 
crocomputer. The system controller 32 controls opera- 
tions of the whole reproducing apparatus. In association 
with the system controller 32, an operation button and 
display portion 33 is disposed. The system controller 32 
controls the servo portion 26 so as to access a desired 
position of the digital 21 . 

[0101] According to the present embodiment, as de- 
scribed above, a special pattern of which merging bits 
selected in the EFM modulation when DSV is controlled 
according to the relation of an immediately preceded 
code symbol and a code symbol immediately followed 
thereby are different from merging bits selected in the 
EFM modulation when DSV is controlled according to 
the relation of that code symbol and a code symbol fur- 
ther immediately followed thereby is recorded on the 
disc 21 . The EFM modulator 1 2 of the master apparatus 
shown in Fig. 1 has the merging bit selecting portion 14 
and the DSV controlling portion 1 5. As shown in Fig. 1 9, 
the merging bit selecting portion 14 and the DSV con- 
trolling portion 15 perform the merging bit selecting 
process according to not only the relation of an imme- 
diately preceded code symbol and a code symbol im- 


mediately followed thereby, but also'the relation of those 
code symbol and a code symbol further immediately fol- 
lowed thereby that is pre-read. Thus, in such a special 
pattern, merging bits are added so that DSV finally con- 

5 verges to "0". Thus, when an original disc 21 is used, 
the special pattern portion can be reproduced. 
[0102] However, a conventional CD-R disc recording 
apparatus selects merging bits of which DSV approach- 
es to "0" in the EFM modulation according to the relation 

10 of an immediately preceded code symbol and a code 
symbol immediately followed thereby. Thus, when data 
is copied from the original disc 21 , in the special pattern 
of the copied disc, DSV does not converge to "0". As a 
result, the DC balance is lost and the reproducing oper- 

f5 ation cannot be performed. Consequently, the copying 
operation can be prevented. 

[0103] Fig. 22 is a flow chart showing a merging bit 
controlling process performed by a conventional EFM 
modulator disposed in a CD-R disc drive and a CD-RW 

20 disc drive. 

[0104] As shown in Fig. 23A, an immediately preced- 
ed data symbol is denoted by DO, a data symbol of eight 
bits immediately followed thereby is denoted by D1, a 
data symbol of eight bits further immediately followed 

25 thereby is denoted by D2, and other data symbols fur- 
ther immediately followed thereby are denoted by D3, 
D4, ... and so forth. 

[0105] As shown in Fig. 23B, these code symbols DO, 
D1 , D2, D3, D4, ... and so forth are converted into code 

30 symbols of 14 bits. These converted code symbols are 
denoted by d1, d2, d3, ... and so forth. Alternatives of 
four patterns of merging bits placed between the code 
symbol dO and the code symbol d1 are denoted by MPn 
((MP0 = 000), MP1 (MP1 = 001 ), MP2 (MP2 = 01 0), and 

35 MP3(MP3= 100). 

[0106] In Fig. 22, when merging bits placed between 
the code symbol dO and the code symbol d1 immediate- 
ly followed thereby are selected, the data symbol D1 of 
eight bits is input (at step S51 ). The data symbol D1 is 

40 converted into the code symbol d1 of 14 bits according 
to the conversion table (at step S52). Thereafter, merg- 
ing bits placed between the current code symbol d1 and 
the code symbol dO immediately preceded thereby are 
selected (at step S53). 

45 [01 07] At first, n = 0 is set (at step S54). With the merg- 
ing bits MPO (MP0 = 000), the immediately preceded 
code symbol dO and the current code symbol d1 are tried 
to be connected (at step S54). With the merging bits 
MPO, the immediately preceded code symbol dO and the 

so current code symbol d1 are tried to be connected and it 
is determined whether or not the run length limit condi- 
tion of the minimum inversion period (Tmin = 3T) is sat- 
isfied (at step S55). When the condition of the minimum 
inversion period (Tmin = 3T) is satisfied, it is determined 

55 whether or not the run length limit condition of the max- 
imum inversion period (Tmax = 11T) is satisfied (at step 
S56). 

[0108] When the condition of the minimum inversion 


EP 1 505 598 A1 


22 


21 

period (Tmin = 3T) is not satisfied at step S55 or when 
the condition of the maximum inversion period (Tmax = 
11T) is not satisfied at step S56, n is incremented (at 
step S57). With the merging bits MPn + 1 , the immedi- 
ately preceded code symbol dO and the current code 
symbol d1 are tried to be connected and it is determined 
whether or not the run length limit condition of the min- 
imum inversion period (Tmin = 3T) is satisfied (at step 
S55). When the condition of the minimum inversion pe- 
riod (Tmin = 3T) is satisfied, it is determined whether or 
not the run length limit condition of the maximum inver- 
sion period (Tmax = 11T) is satisfied (at step S56). 
[0109] When the condition of the minimum inversion 
period (Tmin = 3T) is satisfied at step S55 and when the 
condition of the maximum inversion period (Tmax = 11T) 
is satisfied at step 556, as merging bits that satisfy the 
run length limit conditions, the information is stored (at 
step S58). Thereafter, it is determined whether or not (n 
= 3) is satisfied (at step S59). When (n = 3) is not satis- 
fied, n is incremented (at step S57). With the next merg- 
ing bits MPn + 1 , the immediately preceded code symbol 
dO and the current code symbol d1 are tried to be con- 
nected and it is determined whether or not the run length 
limit condition of the minimum inversion period (Tmin = 
3T) is satisfied (at step S55). When the condition of the 
minimum inversion period (Tmin = 3T) is satisfied, it is 
determined whether or not the run length limit condition 
of the maximum inversion period (Tmax = 11 T) is satis- 
fied (at step S56). 

[01 1 0] By repeating the foregoing process, n advanc- 
es from "O" to "3". With the merging bits MP0 (MP0 = 
000), MP1 (MP1 = 001), MP2 (MP2 = 010), and MP3 
(MP3 = 100), the code symbol dO and the code symbol 
d1 are connected and it is determined whether or not 
the run length limit conditions of the minimum inversion 
period (Tmin = 3T) and the maximum inversion period 
(Tmax = 11T) are satisfied. Information of merging bits 
that satisfy the run length limit conditions is stored at 
step 558. 

[0111] When the determined result at step S59 repre- 
sents that (n = 3) is satisfied, with the merging bits MPn 
that satisfy the conditions, DSV is calculated. In other 
words, according to the information stored at step S58, 
with alternative merging bits MPn that satisfy the condi- 
tions and that are placed between the code symbol dO 
and the code symbol d1 , DSV is obtained. The minimum 
value of absolute values of DSV is selected (at step 

560) . Thus, merging bits placed between the code sym- 
bol dO and the code symbol d1 are decided (at step 

561) . 

[0112] In the process shown in Fig. 22, merging bits 
placed between the code symbol dO and the code sym- 
bol d1 are selected according to only the relation of the 
immediately preceded code symbol dO and the current 
code symbol d1. In this case, when a special pattern 
shown in Fig. 2A, Fig. 2B, or Fig. 1 7A to Fig. 1 7E is con- 
tained, since DSV increases, the reproducing operation 
cannot be performed. 


[01 1 3] Fig. 24 shows an outline of a flow of a copying 
process. A reproducing apparatus denoted by reference 
numeral 41 reproduces data from an original disc. As 
described above, the disc 21 is a CD format disc. A spe- 

5 cial pattern is contained at a predetermined position in 
such a manner that merging bits selected in the EFM 
modulation when DSV is controlled according to the re- 
lation of an immediately preceded code symbol and a 
code symbol immediately followed thereby are different 

10 from merging bits selected in the EFM modulation when 
DSV is controlled according to that code symbol and a 
code symbol further immediately followed thereby. Ref- 
erence numeral 43 represents an optical pickup. Refer- 
ence numeral 44 represents a reproduction signal proo- 
fs ess portion. Reproduced data is supplied from the re- 
producing apparatus 41 to a recording process portion 
52 of a recording apparatus 51. An optical pickup 53 
records the reproduced data to a disc 54, for example 
a CD-R disc. The recorded contents of the original disc 

20 21 are copied to the CD-R disc 54. The reproducing ap- 
paratus 41 and the recording apparatus 51 can use a 
recording and reproducing apparatus structured as a 
CD-R disc drive or a CD-RW disc drive. 
[0114] As shown in Fig. 25, a sync detecting portion 

25 46 of the reproducing process portion 44 detects a frame 
sync from a reproduced signal supplied from an input 
terminal 45. An EFM demodulator 47 EFM-demodulates 
the reproduced signal and supplies the EFM-demodu- 
lated reproduced data to a CIRC decoder 48. The CIRC 

30 decoder 48 corrects an error of the reproduced signal. 
[0115] As described above, a special pattern shown 
in Fig. 2A, Fig. 2B, or Fig. 17A to Fig. 17E is contained 
at a predetermined position of the original disc 21 in 
such a manner that merging bits selected in the EFM 

35 modulation when DSV is controlled according to the re- 
lation of an immediately preceded code symbol and a 
code symbol immediately followed thereby are different 
from merging bits selected in the EFM modulation when 
DSV is controlled according to the relation of that code 

40 symbol and a code symbol further immediately followed 
thereby. The EFM modulator 12 of the mastering appa- 
ratus shown in Fig. 1 has the merging bit selecting por- 
tion 1 4 and the DSV controlling portion 1 5. As described 
above, the merging bit selecting portion 1 4 and the DSV 

45 controlling portion 15 perform the process for selecting 
merging bits according to not only the relation of an im- 
mediately preceded code symbol and a code symbol im- 
mediately followed thereby, but also the relation of that 
code symbol and a code symbol further immediately fol- 

50 lowed thereby that is pre-read. Thus, in such a special 
pattern, merging bits are added so that DSV finally con- 
verges to n 0 n . Thus, the special pattern portion can be 
reproduced. 

[0116] Fig. 26 shows an outline of the structure of a 
55 recording process portion 52. Data to be recorded is 
supplied from an input terminal 55 to a CIRC encoder 
56. The CIRC encoder 56 performs a CIRC encoding 
process for the data to be recorded. Sub code data is 
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supplied from an input terminal 57 to a sub code encoder 
58. The sub code encoder 58 formats the sub code. An 
output of the CIRC encoder 56 and an output of the sub 
code encoder 58 are supplied to a multiplexer 60. In ad- 
dition, a frame sync is supplied from an input terminal 
59 to the multiplexer 60. The multiplexer 60 arranges 
those data in a predetermined order. An output of the 
multiplexer 60 is supplied to an EFM modulator 61 . The 
EFM modulator 61 performs an EFM modulating proc- 
ess for data that is output from the multiplexer 60. 
[0117] As described above, the EFM modulator 61 
normally selects merging bits of which DSV approaches 
to "0" according to the relation of an immediately pre- 
ceded code symbol and a code symbol immediately fol- 
lowed thereby. Thus, when a reproduction signal of a 
portion of a special pattern at a predetermined position 
is sent to the EFM modulator 61 , merging bits of which 
DSV approaches to "0" according to the relation of an 
immediately preceded code symbol and a code symbol 
immediately followed thereby are selected. As a result, 
DSV increases. The signal is recoded on a copy disc 54 
such as a CD-R disc. 

[01 1 8] Thus, when the foregoing special pattern is re- 
corded on the original disc 21 , since a process for se- 
lecting merging bits according to not only the relation of 
an immediately preceded code symbol and a code sym- 
bol immediately followed thereby, but also the relation 
of that code symbol and a code symbol further immedi- 
ately followed thereby is performed, in such a special 
pattern, merging bits are added so that DSV finally con- 
verges to "0". However, on the copied disc 54, merging 
bits of which DSV approaches to "0" according to the 
relation of an immediately preceded code symbol and a 
code symbol immediately followed thereby is selected. 
As a result, merging bits of which DSV increase are add- 
ed. Thus, the reproducing operation cannot be per- 
formed. 

[0119] In the foregoing example, on the original disc 
21, the process for selecting merging bits according to 
not only the relation of an immediately preceded code 
symbol and a code symbol immediately followed there- 
by, but also the relation of that code symbol and a code 
symbol further immediately followed thereby that is pre- 
read is performed. However, if the special pattern has 
been predetermined, merging bits may be added so that 
merging bits added to the special pattern are different 
from merging bits added to the other portion. In this 
case, as the EFM modulator 12, a conventional modu- 
lator that selects merging bits of which DSV approaches 
to "0" according to the relation of an immediately pre- 
ceded code symbol and a code symbol immediately fol- 
lowed thereby can be used. 

[0120] The permission and prohibition of the use of 
contents other than the special pattern portion can be 
controlled. In other words, from a disc produced by the 
master apparatus according to the present invention, 
the data pattern portion can be reproduced. On the other 
hand, when a disc is produced by a conventional encod- 
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er using an original disc that has been produced by the 
master apparatus, the special pattern portion cannot be 
reproduced. Thus, depending on whether or not the pat- 
tern portion can be read, the disc is detected as an orig- 
5 ina! disc or a copy thereof. According to the detected 
result, it is determined whether or not contents recorded 
in other than the data pattern portion can be used. As a 
result, contents of a copied disc can be prohibited from 
being used. 

10 [0121] The special pattern would be placed in a key 
data portion of encrypted contents. From a copied disc, 
the key data portion would be prohibited from being re- 
produced. 

[0122] Although the present invention has been 

15 shown and described with respect to a best mode em- 
bodiment thereof, it should be understood by those 
skilled in the art that the foregoing and various other 
changes, omissions, and additions in the form and detail 
thereof may be made therein without departing from the 

20 spirit and scope of the present invention. For example, 
as a modulating system other than EFM, the present in- 
vention can be applied to EFM Plus. The EFM Plus is a 
system that converts a data symbol of eight bits into a 
code symbol of 1 6 bits without need to use merging bits. 

25 in the EFM Plus, there are special data patterns of which 
DSV increases. Thus, when an encoder that has a mod- 
ified code conversion table modified from the standard 
code conversion table is used, even if a special data pat- 
tern is used, DSV can be prevented from increasing. 

30 Thus, it can be determined whether or not a disc to be 
used is an original disc of which data was recorded using 
an encoder according to the present invention or a cop- 
ied disc of which data was recorded using a convention- 
al encoder. 

35 [0123] The present invention can be also applied to a 
multi-session optical disc on which for example CD-DA 
formatted data and CD-ROM formatted data are record- 
ed. As information that is recorded to an optical disc, 
there are various types of data such as audio data, video 

40 data, still picture data, character data, computer graphic 
data, game software, and computer programs. Thus, 
the present invention can be applied to for example a 
DVD video disc and a DVD-ROM disc. In addition, the 
present invention can be applied to not only a disc- 

45 shaped data recording medium, but also a card-shaped 
data recording medium. 

[0124] In the foregoing example, an original disc is 
produced by the mastering apparatus. Alternatively, an 
original disc may be produced with a CD-R disc or a 

50 CD-RW disc. When a special pattern is recorded, since 
it does not require to physically deform a disc with for 
example pits, even if an original disc is a recording me- 
dium using wobble pits such as a CD-R disc or a CD-RW 
disc, a copy can be protected. 

55 [0125] As is clear from the foregoing description, ac- 
cording to the present invention, a special pattern is re- 
corded on a recording medium in such a manner that 
merging bits selected in the EFM modulation when DSV 
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is controlled according to the relation of an immediately 
preceded code symbol and a code symbol immediately 
followed thereby are different from merging bits selected 
in the EFM modulation when DSV is controlled accord- 
ing to the relation of those code symbol and a code sym- 
bol further immediately followed thereby. The EFM mod- 
ulating portion of the master apparatus that produces 
an original CD selects merging bits according to not only 
the relation of an immediately preceded code symbol 
and a code symbol immediately followed thereby, but 
also the relation of that code symbol and a code symbol 
further immediately followed thereby that is pre-read. 
Thus, even if an original recording medium produced by 
the master apparatus contains such a special pattern, 
merging bits are selected so that DSV converges to "0". 
In contrast, when a CD-R recording apparatus or the like 
copies a data of a disc, the EFM modulating portion of 
the CD-R recording apparatus selects merging bits of 
which DSV approaches "0 n according to only the relation 
of an immediately preceded code symbol and a code 
symbol immediately followed thereby, not the relation of 
that code symbol and a code symbol further immediately 
followed thereby. Thus, in the special pattern, since DSV 
increases, the reproducing operation cannot be per- 
formed. As a result, the copying operation can be re- 
stricted. 

[0126] According to the present invention, without 
need to physically deform a disc with for example pits, 
a copying operation can be prohibited for not only a disc 
having wobble pits, but also an original recording medi- 
um that is a CR-R or CD-RW. 

[0127] In addition, according to the present invention, 
since data cannot be reproduced from a copied record- 
ing medium, data of an original recording medium can 
be prevented from being directly copied. 
[01 28] In addition, according to the present invention, 
since a defect is not intentionally placed on an original 
medium, the present invention can be used as a format 
standard. 


Claims 

1. A recording method for converting m-bit data into 
an n-bit (where n > m) data symbol whose run length 
is restricted and placing a connection bit after the 
m-bit data symbol so that the cumulative value of 
DC components per unit time becomes small, the 
recording method comprising the steps of: 

selecting a first connection bit to be added to 
an immediately preceded data symbol from a 
plurality of connection bits according to at least 
one first connection bit that can be added be- 
tween the immediately preceded data symbol 
and a first data symbol immediately followed 
thereby and according to at least one second 
connection bit that can be added between the 
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first data symbol and at least one second data 
symbol immediately followed thereby; 
adding the selected first connection bit to the 
immediately preceded data symbol so as to 
5 generate record data; and 

recording the generated record data on a re- 
cording medium. 

2. The recording method as set forth in claim 1 , 

10 wherein the selecting step comprises the 

steps of: 

selecting at least one first connection bit that 
can be added between the immediately preced- 
es ed data symbol and the first data symbol imme- 
diately followed thereby; 
selecting at least one second connection bit 
that can be added between the first data symbol 
and at least one second data symbol immedi- 
20 ately followed thereby; and 

selecting the first connection bit from the select- 
ed first connection bit and the selected second 
connection bit so that the cumulative value of 
the DC components becomes small. 

25 

3. The recording method as set forth in claim 2, 

wherein the first connection bit selecting step 
is performed by selecting the first connection bit so 
that, when the selected first connection bit and the 
30 selected second connection bit are combined, the 
cumulative value of the DC components becomes 
small. 

4. A recording method for converting m-bit data into 
35 an n-bit (where n > m) data symbol whose run length 

is restricted and adding a connection bit after the 
m-bit data symbol so that the cumulative value of 
DC components per unit time becomes small, the 
recording method comprising the steps of: 

40 

when an immediately preceded data symbol is 
a special data symbol, selecting a first connec- 
tion bit to be added to the immediately preced- 
ed data symbol from a plurality of connection 

45 bits according to at least one first connection 

bit that can be added between the immediately 
preceded data symbol and a first data symbol 
immediately followed thereby and according to 
at least one second connection bit that can be 

so added between the first data symbol and at 

least one second data symbol immediately fol- 
lowed thereby; 

adding the selected first connection bit to the 
immediately preceded data symbol so as to 
55 generate record data; and 

recording the generated record data on a re- 
cording medium. 


27 EP 1 505 

5. The recording method as set forth in claim 4, 

wherein the selecting step comprises the 
steps of: 

selecting at least one first connection bit that 5 
can be added between the immediately preced- 
ed data symbol and the first data symbol imme- 
diately followed thereby; 
selecting at least one second connection bit 
that can be added between the first data symbol 10 
and at least one second data symbol immedi- 
ately followed thereby; and 
selecting the first connection bit from the select- 
ed first connection bit and the selected second 
connection bit so that the cumulative value of 15 
the DC components becomes small. 

6. The recording method as set forth in claim 5, 

wherein the first connection bit selecting step 
is performed by selecting the first connection bit so 20 
that when the selected first connection bit and the 
selected second connection bit are combined, the 
cumulative value of the DC components becomes 
small. 

25 

7. The recording method as set forth in claim 4, 

wherein when the first data symbol is selected 
according to the immediately preceded data symbol 
and the first data symbol, with the special data sym- 
bol, the second connection bit added between the 30 
first data symbol and the second data symbol is un- 
conditionally selected. 

8. The recording method as set forth in claim 4, 

wherein the m-bit data is modulated accord- 35 
ing to the 8-14 modulating system. 

9. A recording method for converting m-bit data into n- 
bit (where n > m) data whose run length is restricted 
and recording the converted data on a recording 40 
medium, the recording method comprising the step 

of: 

selecting first n-bit data according to an imme- 
diately preceded n-bit data, first n-bit data im- ^ 
mediately followed thereby, and second n-bit 
data immediately followed thereby so that the 
cumulative value of DC components per unit 
time becomes small. 

50 

10. The recording method as set forth in claim 9, 

wherein the n-bit data is composed of an 
n1 -bit data symbol and n2-bit (= n - n1) connection 
bits immediately followed thereby and selected 
from a plurality of connection bits so that the cumu- 55 
lative value of DC components per unit time be- 
comes small, and 

wherein the recording method further com- 
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prises the step of: 

selecting a first connection bit to be added to 
the immediately preceded data symbol accord- 
ing to at least one connection bit that can be 
added between the immediately preceded data 
symbol and the first data symbol and at least 
one second connection bit that can be added 
between the first data symbol and the second 
data symbol. 

11. The recording method as set forth in claim 10, 

wherein the selecting step comprises the 
steps of: 

selecting at least one first connection bit that 
can be added between the immediately preced- 
ed data symbol and the first data symbol imme- 
diately followed thereby; 
selecting at least one second connection bit 
that can be added between the first data symbol 
and the second data symbol; and 
selecting the first connection bit from the select- 
ed first connection bit and the second connec- 
tion bit so that the cumulative value of the DC 
components becomes small. 

12. The recording method as set forth in claim 11 , 

wherein the first connection bit selecting step 
is performed by selecting the first connection bit so 
that when the selected first connection bit and the 
selected second connection bit are combined, the 
cumulative value of the DC components becomes 
small. 

13. The recording method as set forth in claim 9, 

wherein the m-bit data is modulated accord- 
ing to the 8-14 modulating system. 

14. The recording method as set forth in claim 9, 

wherein the m-bit data is modulated accord- 
ing to the 8-16 modulating system. 

15. The recording method as set forth in claim 9, 

wherein the n-bit data is composed of an 
n1 -bit data symbol and n2-bit (= n - n1 ) connection 
bits immediately followed thereby and selected 
from a plurality of connection bits so that the cumu- 
lative value of DC components per unit time be- 
comes small, and 

wherein the recording method further com- 
prises the step of: 

when the immediately preceded data symbol is 
a special data symbol, selecting a first connec- 
tion bit to be added to the immediately preced- 
ed data symbol according to at least one con- 
nection bit that can be added between the im- 
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mediately preceded data symbol and the first 
data symbol and at least one second connec- 
tion bit that can be added between the first data 
symbol and the second data symbol. 

16. The recording method as set forth in claim 15, 

wherein the selecting step comprises the 
steps of: 

selecting at least one first connection bit that 
can be added between the immediately preced- 
ed data symbol and the first data symbol imme- 
diately followed thereby; 
selecting at least one second connection bit 
that can be added between the first data symbol 
and the second data symbol; and 
selecting the first connection bit from the select- 
ed first connection bit and the second connec- 
tion bit so that the cumulative value of the DC 
components becomes small. 

17. The recording method as set forth in claim 16, 

wherein the first connection bit selecting step 
is performed by selecting the first connection bit so 
that when the selected first connection bit and the 
selected second connection bit are combined, the 
cumulative value of the DC components becomes 
small. 

18. The recording method as set forth in claim 15, 

wherein when the first data symbol is selected 
according to the immediately preceded data symbol 
and the first data symbol, with the special data sym- 
bol, the second connection bit added between the 
first data symbol and the second data symbol is un- 
conditionally selected. 

19. A recording apparatus, comprising: 

an encoding process portion for performing an 
encoding process for input data; 
a converting portion for converting m-bit data 
that is output from the encoding processing por- 
tion into n-bit (where n > m) data whose run 
length is restricted by selecting first n-bit data 
according to an immediately preceded n-bit da- 
ta, first n-bit data immediately followed thereby, 
and second n-bit data immediately followed 
thereby so that the cumulative value of DC 
components per unit time becomes small; and 
a recording portion for recording data that is 
output from the converting portion on a record- 
ing medium. 

20. The recording apparatus as set forth in claim 19, 

wherein the n-bit data is composed of an 
n1 -bit data symbol and n2-bit {= n - n1) connection 
bits immediately followed thereby and selected 
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from a plurality of connection bits so that the cumu- 
lative value of DC components per unit time be- 
comes small, and 

wherein the converting portion is configured 
to select a first connection bit to be added to the 
immediately preceded data symbol according to at 
least one connection bit that can be added between 
the immediately preceded data symbol and the first 
data symbol and at least one second connection bit 
w that can be added between the first data symbol and 
the second data symbol. 

21. The recording apparatus as set forth in claim 20, 
wherein the converting portion is configured 

*5 to select at least one first connection bit that can be 
added between the immediately preceded data 
symbol and the first data symbol immediately fol- 
lowed thereby, select at least one second connec- 
tion bit that can be added between the first data 

20 symbol and the second data symbol, and select the 
first connection bit from the selected first connection 
bit and the second connection bit so that the cumu- 
lative value of the DC components becomes small. 

25 22. The recording apparatus as set forth in claim 21 , 
wherein the converting portion is configured 
to select the first connection bit so that when the 
selected first connection bit and the selected sec- 
ond connection bit are combined, the cumulative 

30 value of the DC components becomes small. 

23. The recording apparatus as set forth in claim 19, 

wherein the m-bit data is modulated accord- 
ing to the 8-14 modulating system. 

35 

24. The recording apparatus as set forth in claim 19, 

wherein the m-bit data is modulated accord- 
ing to the 8-16 modulating system. 

40 25. The recording apparatus as set forth in claim 19. 

wherein the n-bit data is composed of an 
n1-bit data symbol and n2-bit (= n - n1) connection 
bits immediately followed thereby and selected 
from a plurality of connection bits so that the cumu- 

45 lative value of DC components per unit time be- 
comes small, and 

wherein the converting portion is configured 
to select a first connection bit to be added to the 
immediately preceded data symbol according to at 

50 least one connection bit that can be added between 
the immediately preceded data symbol and the first 
data symbol and at least one second connection bit 
that can be added between the first data symbol and 
the second data symbol when the immediately pre- 

55 ceded data symbol is a special data symbol. 

26. The recording apparatus as set forth in claim 25, 
wherein the converting portion is configured 
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to select at least one first connection bit that can be 
added between the immediately preceded data 
symbol and the first data symbol immediately fol- 
lowed thereby, select at least one second connec- 
tion bit that can be added between the first data 
symbol and the second data symbol, and select the 
first connection bit from the selected first connection 
bit and the second connection bit so that the cumu- 
lative value of the DC components becomes small. 

27. The recording apparatus as set forth in claim 26, 

wherein the converting portion is configured 
to select the first connection bit so that when the 
selected first connection bit and the selected sec- 
ond connection bit are combined, the cumulative 
value of the DC components becomes small. 

28. The recording apparatus as set forth in claim 25, 

wherein when the first data symbol is selected 
according to the immediately preceded data symbol 
and the first data symbol, with the special data sym- 
bol, the second connection bit added between the 
first data symbol and the second data symbol is un- 
conditionally selected. 

29. A recording medium on which when m-bit data is 
converted into n-bit (where n > m) data whose run 
length is restricted, first n-bit data is selected ac- 
cording to an immediately preceded n-bit data, first 
n-bit data immediately followed thereby, and sec- 
ond n-bit data immediately followed thereby so that 
the cumulative value of DC components per unit 
time becomes small and the selected first n-bit data 
is recorded after the immediately preceded n-bit da- 
ta. 

30. The recording medium as set forth in claim 29, 

wherein the n-bit data is composed of an 
n1 -bit data symbol and n2-bit (= n - n1) connection 
bits immediately followed thereby and selected 
from a plurality of connection bits so that the cumu- 
lative value of DC components per unit time be- 
comes small, and 

wherein a first connection bit to be added to 
the immediately preceded data symbol is selected 
according to at least one connection bit that can be 
added between the immediately preceded data 
symbol and the first data symbol and at least one 
second connection bit that can be added between 
the first data symbol and the second data symbol 
and recorded on the recording medium. 

31. The recording medium as set forth in claim 30, 

wherein at least one first connection bit that 
can be added between the immediately preceded 
data symbol and the first data symbol immediately 
followed thereby is selected, 

wherein at least one second connection bit 
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that can be added between the first data symbol and 
the second data symbol is selected, 

wherein the first connection bit is selected 
from the selected first connection bit and the second 
5 connection bit so that the cumulative value of the 
DC components becomes small, and 

wherein the resultantly selected first connec- 
tion bit is recorded on the recording medium. 

10 32. The recording medium as set forth in claim 31, 

wherein the first connection bit is selected so 
that when the selected first connection bit and the 
selected second connection bit are combined, the 
cumulative value of the DC components becomes 
15 small, and 

wherein the resultantly selected first connec- 
tion bit is recorded on the recording medium. 

33. The recording medium as set forth in claim 29, 

20 wherein the m-bit data is modulated accord- 

ing to the 8-14 modulating system and recorded on 
the recording medium. 

34. The recording medium as set forth in claim 29, 

25 wherein the m-bit data is modulated accord- 

ing to the 8-16 modulating system and recorded on 
the recording medium. 

35. The recording medium as set forth in claim 29, 

30 wherein the n-bit data is composed of an 

n1 -bit data symbol and n2-bit (= n - n1) connection 
bits immediately followed thereby and selected 
from a plurality of connection bits so that the cumu- 
lative value of DC components per unit time be- 

35 comes small, and 

wherein when the immediately preceded data 
symbol is a special data symbol, a first connection 
bit to be added to the immediately preceded data 
symbol is selected according to at least one con- 

40 nection bit that can be added between the immedi- 
ately preceded data symbol and the first data sym- 
bol and at least one second connection bit that can 
be added between the first data symbol and the sec- 
ond data symbol and recorded on the recording me- 

45 dium. 

36. The recording medium as set forth in claim 35, 

wherein at least one first connection bit that 
can be added between the immediately preceded 
50 data symbol and the first data symbol immediately 
followed thereby is selected, 

wherein at least one second connection bit 
that can be added between the first data symbol and 
the second data symbol is selected, and 
55 wherein the first connection bit is selected 

from the selected first connection bit and the second 
connection bit so that the cumulative value of the 
DC components becomes small, and 
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wherein the resultantly selected first connec- 
tion bit is recorded on the recording medium. 

37. The recording medium as set forth in claim 36, 

wherein the first connection bit is selected so 
that when the selected first connection bit and the 
selected second connection bit are combined, the 
cumulative value of the DC components becomes 
small, and 

wherein the resultantly selected first connec- 
tion bit is recorded on the record medium. 

38. The recording medium as set forth in claim 35, 

wherein when the first data symbol is selected 
according to the immediately preceded data symbol 
and the first data symbol, with the special data sym- 
bol, the second connection bit added between the 
first data symbol and the second data symbol is un- 
conditionally selected. 

39. A data converting method, comprising the step of: 

when m-bit data is converted into n-bit (where 
n > m) data whose run length is restricted, selecting 
first n-bit data according to an immediately preced- 
ed n-bit data, first n-bit data immediately followed 
thereby, and second n-bit data immediately fol- 
lowed thereby so that the cumulative value of DC 
components per unit time becomes small. 

40. The data converting method as set forth in claim 39, 

wherein the n-bit data is composed of an 
n1 -bit data symbol and n2-bit (= n - n1) connection 
bits immediately followed thereby and selected 
from a plurality of connection bits so that the cumu- 
lative value of DC components per unit time be- 
comes small, and 

wherein the data converting method further 
comprises the step of: 

selecting a first connection bit to be added to 
the immediately preceded data symbol accord- 
ing to at least one connection bit that can be 
added between the immediately preceded data 
symbol and the first data symbol and at least 
one second connection bit that can be added 
between the first data symbol and the second 
data symbol. 

41 . The data converting method as set forth in claim 40, 

wherein the selecting step comprises the 
steps of: 

selecting at least one first connection bit that 
can be added between the immediately preced- 
ed data symbol and the first data symbol imme- 
diately followed thereby; 
selecting at least one second connection bit 
that can be added between the first data symbol 
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and the second data symbol; and 
selecting the first connection bit from the select- 
ed first connection bit and the second connec- 
tion bit so that the cumulative value of the DC 
5 components becomes small. 

42. The data converting method as set forth in claim 41 , 
wherein the first connection bit selecting step 
is performed by selecting the first connection bit so 
10 that when the selected first connection bit and the 
selected second connection bit are combined, the 
cumulative value of the DC components becomes 
small. 

is 43. The data converting method as set forth in claim 39, 
wherein the m-bit data is modulated accord- 
ing to the 8-14 modulating system. 

44. The data converting method as set forth in claim 39, 
20 wherein the m-bit data is modulated accord- 
ing to the 8-16 modulating system. 

45. The data converting method as set forth in claim 39, 

wherein the n-bit data is composed of an 
25 n1 -bit data symbol and n2-bit (= n - n1) connection 
bits immediately followed thereby and selected 
from a plurality of connection bits so that the cumu- 
lative value of DC components per unit time be- 
comes small, and 
30 wherein the data converting method further 

comprises the step of: 

when the immediately preceded data symbol is 
a special data symbol, selecting a first connec- 
ts tion bit to be added to the immediately preced- 
ed data symbol according to at least one con- 
nection bit that can be added between the im- 
mediately preceded data symbol and the first 
data symbol and at least one second connec- 
tion bit that can be added between the first data 
symbol and the second data symbol. 

46. The data converting method as set forth in claim 45, 

wherein the selecting step comprises the 
45 steps of: 

selecting at least one first connection bit that 
can be added between the immediately preced- 
ed data symbol and the first data symbol imme- 

50 diately followed thereby; 

selecting at least one second connection bit 
that can be added between the first data symbol 
and the second data symbol; and 
selecting the first connection bit from the select- 

55 ed first connection bit and the second connec- 

tion bit so that the cumulative value of the DC 
components becomes small. 
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47. The data converting method as set forth in claim 46, 

wherein the first connection bit selecting step 
is performed by selecting the first connection bit so 
that when the selected first connection bit and the 
selected second connection bit are combined, the 5 
cumulative value of the DC components becomes 
small. 

48. The data converting method as set forth in claim 35, 

wherein when the first data symbol is selected 10 
according to the immediately preceded data symbol 
and the first data symbol, with the special data sym- 
bol, the second connection bit added between the 
first data symbol and the second data symbol is un- 
conditionally selected. is 
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Fig. 11 
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Fig. 12 
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DESCRIPTION OF REFERENCE NUMERALS 
1 LASER LIGHT SOURCE 

3 OPTICAL PICKUP 

4 GLASS MASTER DISC 
10 SUB CODE ENCODER 

12 EFM MODULATOR 

13 MULTIPLEXER 

14 MERGING BIT SELECTING PORTION 

15 DSV CONTROLLING PORTION 

16 AREA CONTROLLING CIRCUIT 

51 INPUT DATA SYMBOLS D1 AND D2 

52 CONVERT DATA SYMBOLS D1 AND D2 INTO CODE SYMBOLS dl AND d2, 
RESPECTIVELY 

S3, S53 SELECT ALTERNATIVE MERGING BITS 

S4 A1 = 0 

n (A) = 0 

55, S55 Tmin = 3T ? 

56, S56 Tmax = 1 1T ? 

S7 n (A) = n (A) + 1 

S8, S58 STORE INFORMATION OF MERGING BITS THAT SATISFY CONDITIONS 

S9 n (A) = 3 ? 

510 A = 2 

511 A = A + 1 

SI 2, S60 CALCULATE DSV WITH STORED INFORMATION AND SELECT MINIMUM VALUE 


OF ABSOLUTE VALUES THEREOF 
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SI 3, S61 DECIDE MERGING BITS 

551 INPUT DATA SYMBOL Dl 

552 CONVERT DATA SYMBOL D1 INTO CODE SYMBOL dl 
S54 n = 0 

S57 n = n + 1 

S59 n = 3 ? 
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